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Copper increases reductive dehalogenation of haloacetamides by zero-valent iron in 2 drinking water: reduction efficiency and integrated toxicity risk 
Analytical methods

128
At selected time intervals, 10 mL of reaction solution was filtered through 0.22 μm syringe filters 129 and 4 g anhydrous sodium sulfate was added into the filtered sample. Then HAcAms were 130 immediately extracted into 2mL methyl tert-butyl ether (MTBE), and were analyzed using gas 131 chromatography (GC) coupled with an electron capture detector (ECD) (TCAcAm, DCAcAm and MCAcAm) at different ZVI doses. As shown in Figure 1a , at a low ZVI 159 dose (0.2 g/L), TCAcAm concentrations slightly decreased from the initial 5.30 ± 0.27 μM to 4.57 160 ± 0.23 μM over 24 h, which equates to a very low pseudo-first-order reduction rate of 0.01 h -1 (Table  161   SM1 ). In contrast, at higher ZVI doses (5.0 g/L and 10.0 g/L), TCAcAm concentrations presented 162 a significant reduction and the pseudo-first-order reduction rate increased to 0.18 h -1 and 0.43 h -1 , 163 respectively (Table SM1) (Table SM2 ). To further compare the toxic effect of HAcAms during ZVI reductive dehalogenation, 13 we undertook a preliminary toxic risk analysis by calculating the toxic risk value of each HAcAm 240 (Yang et al., 2013) , obtained by multiplying the combined toxicity value (Plewa et al., 2008 ) by its 241 concentration as recorded under different conditions during this study. Then, the integrated toxic 242 risk value was calculated by summing values for the three chlorinated HAcAm (Table SM2) except that values were further decreased to 3.43×10
5 at 24 h due to removal of MCAcAm at the 256 highest ZVI dose (10.0 g/L). Since MCAcAm, which has high combined toxicity, was not 257 effectively removed, the ability of ZVI to dehalogenate HAcAms needs to be enhanced. 258 259
Removal of HAcAms by metallic Cu
260
As shown in Figure SM3 , the concentrations of TCAcAm did not change significantly at appliedwas investigated separately. The results showed that Cu alone was also not effective for the 264 reduction of DCAcAm and MCAcAm. Therefore, it was confirmed that metallic Cu alone cannot 265 effectively reduce the three chlorinated HAcAms in drinking water. This is because Cu(II) (E (Table SM1 ) to 0.60 h -1 (Table SM3) were both undetectable at all selected ZVI/Cu molar ratios at ZVI dose = 10.0 g/L. Thus, only 278
MCAcAm was detected and moreover MCAcAm was reduced to below the detection limit when 279 the ZVI/Cu molar ratio was 1:1. In general, the addition of Cu strengthened the reductive 280 dehalogenation of HAcAms by ZVI, and the optimal ZVI/Cu molar ratio was 1:1 for reduction of 281
HAcAms. As previously reported, in the primary battery system, the potential difference between 282 the concentrations of DCAcAm initially increased to 1.31 ± 0.07 μM and 1.49 ± 0.07 μM 323 respectively at 1h, and then rapidly decreased to below the detection limit at 3 h (Figure 2b) . Unlike 324 DCAcAm, the concentrations of MCAcAm initially increased to 3.57 ± 0.18 μM and 2.17 ± 0.11 325 μM after 3 h at pH 5.0 and pH 6.0, respectively, and then slowly decreased to 2.44 ± 0.12 μM and 326
1.14 ± 0.06 μM at 24 h, respectively (Figure 2c ). Of note, the reduction of MCAcAm at pH 5.0 and 327 pH 6.0 was less than at pH 7.0, which also resulted in poorer removal for the sum of three HAcAms 328 at pH 5.0 and pH 6.0 than pH 7.0 at 24 h ( Figure 2d ). As discussed in Section 3.1, limited Fe oxideAs shown in Figure 2f , we also compared the integrated toxic risk values of HAcAms at 331 different pHs (Table SM4) . Although TCAcAm and DCAcAm were removed effectively at pH 5.0 332 and pH 6.0, the integrated toxic risk values (3.79×10 6 and 2.26×10 6 at 12 h) for the HAcAms were 333 relatively higher than at pH = 7.0 (1.13×10
6 at 12 h), due to the poor removal of MCAcAm. TCAcAm was removed completely inside 3 h. DCAcAm and MCAcAm were both detected at 1 h, 350 but were also both reduced to below the detection limits inside 3 h (see Figure SM6 reduced to a very low levels (near the detection limit) inside 1 h (Figure 4a, 4b and 4c) , and the 372 removal rates (98.7%, 97.6% and 96.4%) of three brominated HAcAms were all higher than for 
